Monooxygenase, Flavoprotein, Oxygen activation, Rapid spectroscopy 4-hydroxybenzoate hydroxylase from Ps. putida has been studied with regard to the oxygen interaction with the reduced flavin. By rapid scanning spectrophotometry and EPR-measurementa of rapidly frozen mixtures no intermediate could be established either in the presence of 4-hydroxybenzoate or the dead-end inhibitor 6-hydroxynicotinic acid.
Results and Discussion
Among monooxygenases the flavin containing enzymes were the first being purified and crystallized since they consist of only one single protein in contrast to the multienzyme structure of the metal containing monooxygenases. Flavin plays a dual role in these enzymes acting as electron acceptor and oxygen activating site simultaneously. Kinetic measurements by NAKAMURA et al. 1 on the 4-hydroxybenzoate hydroxylase have revealed that the reaction cycle consists of at least three subsequent steps: substrate binding, reduction and oxygenation of the enzyme-substrate complex. Similar results were reported for other flavin-dependent monooxygenases. Although oxygen interaction with reduced flavoprotein oxidases is very fast 2 , also in model reactions (HEMMERICH and ULLRICH, unpubl.), a ternary reduced flavin-substrate-oxygen complex has been postulated 1 . The characterisation of such an intermediate in the course of the oxygen reaction with reduced flavin was the attempt of this study.
The experiments were carried out in a rapid scanning spectrophotometer (Rapidspektroskop T 13/3 from Howaldtwerke Deutsche Werft AG, display on Tektronix-Type 564 storage oscilloscope) fitted with a rapid mixing chamber which allowed to react two solutions of about 0.1 ml within about 5 msec 3 . 4-hydroxybenzoate hydrolylase was isolated and crystallized from Ps. putida grown on 4-methoxybenzoate according to the method of HOSOKAWA et al. 4 until the flavin spectrum of the oxidized enzyme ( Fig. 1 B) was fully bleached (Fig. 1 A) . This preparation was then mixed with an equal volume of oxygenated buffer and spectra were recorded at various time intervalls after the mixing was completed. The first spectrum always was obtained after 10msec (±5 msec). Fig. 2 shows a typical recording when 4-hydroxybenzoate was used as a substrate. In a series of similar experiments the reduced spectrum gradually changed to the spectrum of the oxidized flavin without indication of an intermediate product. In agreement with other reports 1 the reaction is rapid with a half-time of about 25 msec and obviously two electrons are transferred to oxygen since also no semiquinoid form of the flavin was observed.
Similar rapid mixing experiments were performed with subsequent freezing of the mixtures in liquid isopentane at 140 °C 5 . EPR-investigations of the frozen samples did not show any paramagnetic species which excludes the 02~-radical, a semiquinone or a radical oxygen flavin complex as intermediate in significant concentrations.
According to model reactions for monoxygenases 6 the transfer of the oxygen atom to the substrate may occur in a fast concerted process and, therefore, the concentrations of an oxygenated complex may be very low. This problem, however, should be overcome by using substrate analogues which can not accept the active oxygen but can be bound to the enzyme. Studies by HOWELL et al. 7 have shown that 6-hydroxynicotinic acid is such a dead-end substrate for 4-hydroxybenzoic acid hydroxylase. When 4-hydroxybenzoate was replaced by this compound the same results were obtained in the rapid mixing experiments with subsequent spectrophotometry and EPRspectroscopy. Obviously oxygen reduction is independent of an acceptor for the active oxygen. This is also proved by the high specific overall oxygen uptake (oxygen-consumption = 63 mU/mg protein) in the presence of this "uncoupler". This can be easily understood since in the absence of a hydroxylatable substrate protonation of the active oxygen to the inactive hydrogen peroxide is most likely to occur. 4 
